Compuier

Museum

HP 13255
PROCESSOR (8008=-1) MODULE
Manual Part No, 13255-91008
PRINTED

AUG=01=76

NOTTCE

The iInformation contained in this document is subject to change
without notice,

|
|
{
|
|
|
HEWLETT=PACKARD MAKES NO WARRANTY 0OF ANY KTND WITH REGARD TO THIS {
MATERIAL, TNCLUDING, BUT NOT LIMITFED TO THE IMPLTIED WARRANTIFS OF {
MERCHANTABILTTY AND FITNESS FOP A PARTICULAR PURPOSE, Hewlett-Packard |
shall not be liable for errors contained herein or for incidental or |
consequential damaades in connection with the furnishina, performance, |
or use of this material. {
|
|
|
|
|
|

This document contains proprietary information which 1is protected by
convriaht, »all riahts are reserved, No part of this document may be
photocoplied or reproduced without the prior written consent of Hewlett-
Packard Company.,

- P D e e SR D D S D D D P D S D TR S R AT D U D P D P WP SR SN W G YA WP WA S W o oooo o om oo oo LU Y R Teooceowewooomes

Copvright ¢ 1976 by HFEWLETT-PACKARD COMPANY

NOATE: This document is part of the 264%¥X DATA TERMINAL product
series Technical Information Package (HP 13255),



13255 13255=9100R/02
Processor (8008-1) Module Rev AlIG=Ql1=76

1.9 INTRODUCTION,

This module uses the Tntel R008-1 microprocessor as the central
controlling element in the terminal. The processor fetches and
executes instructions which are stored in the terminal’s memory
modules.

2.0 OPERATING PARAMETFRS,

A summary of operatina parameters for the Processor (8008=1) Module
is contained in tables 1.0 through 5.1,

Table 1.0 Physical Parameters

| Part Size (L x W x D) Weight |

| Numper Nomenclature +/=-0.,100 Tnches (Pounds) i

|:=::::=====:= gt t—t——Rf Pl Rl e i :::::::::l
02640=-60008 Processor (8008-1) PCA 12.5 x 4.0 x 0.5 6.31
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Table 2.0 Reliability and Environmental Information
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Environmental: ( X ) HP Class B ( ) Dther:

Restrictions: Type tested at product level

' |
| Fallure Rate: 1.005% (percent per 1000 hours) |
| I
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Table 3.0 Power Supply and Clock Requirements = Measured
(At +/=-5% Unless (therwise Specified)
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+5 Volt Supnly +12 volt Supply =12 Volt Supply -42 Volt Supply

| |
| |
| |
@ 400 mA @ 005 mA | @ 075 mA | (3] mA
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115 volts ac 220 volts ac
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| ) A ) A
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Table 4.0 Connector Information (Cont’°d.)}

P ==t T I T T T T T T T T T T T R R R

| connector | signal | Sianal |
| and Pin No, | Name | Description |
l _—m=I=CSE=zZT==T==== . P43 -4 I C R .= C-CTICCTCCECETC =S S-S CETEZ===ZC-E=T=Z=S=Z=zZz=Z=====c== l
I pt, pin A | GND | Ground Common Return (Power and Sianal) |
| [ | (
| -B I} Not |
( -C | I} Used [
( [ 1 (
| =N | PWR ON | System Power 0On |
| | —— | [
| -F | RUSO ! Neagative True, Data Rus Bit 0 (
| I — | , |
| -F | BRUS1 | Negative True, Data PRus Bit 1 }
| | —— | , l
! -H | RUS?2 | Necgative True, Data Bus Bit 2 (
| | ——— | |
| =-J | BUS3 | Megative True, Data Rus Rit 3 }
| ( — | |
| -5 | RUS4 | Megative True, Data Bus Bit 4 i
! | —— | [
| -L | RUSS | Negative True, Data Bus Rit 5 (
( ( —— ( |
( -M | RUS6 [ Negative True, Data Rus Bit 6 (
( ( — | |
| - | RUS7 | Negative True, Data Bus Rit 7 (
| ( ——— | |
| - | WRITE | Negative True, wWrite/Read Tyoe Cvcle |
| ) | |
| -R | 1} Xot |
| -S | 1} Used (
| [ | (
| -T | PRTOR 1IN ( Rus Controller Priority 1In |
| | | |
| -1 | PRTOR OUT | Rys Controller Priority nut |
| [ { |
( | e e e e e e e | |
! -V | PROC ACTVE | Negative True, Processor Active |
| | | (Controlling Rus) |
| ! — | |
I =W | RUSY | Negative True, Bus Currently Busy |
( | | (Vot Available) (
| | | |
| -X | RUN | Allow Processor to Access Rus }
! | _— | |
| -y 1 REQ | Neagative True, Reguest (Bus Data |
| | | Currently valid) |
| | — | |
| =7 | ATN | Neaative True, Data Comm Interruprt Regnest |
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Table 5.0 W“odyle Bus Pin Functions for Input Instructions

B7 - B0 Data from terminal bus is loaded
into accumulator (A-register)
of microprocessor,

| | | Rus |
| Module Address: (ADDR 11,10,9,4) = (M2,M1,M0,34) | value | Siagnal |
| |=======|============
| During an input iInstruction the upper byte of | 0 t ADDR 158 :
| the address register is loaded with the input | 0 | ADDR 14 |
| Instruction and the lower byte, with the contents | 0 ! ADDR 13 |
| of the accumulator just prior to the execution | o] | ADDR 12 |
| of the input instruction, ADDR4 is controlled I M2 ( ADDR 11 |
| bv bit 4 of the accumulator, The other seven I Mt | ADDR 10 |
| bits may be used by the I0 module for strobes, t MO (| ADDR 9 |
| | 1 | ADDR 8 |
| I A7 | ADDR 7 |
| I A6 | ADDR 6 |
! I AS | ADDR S5 1
| ) Ad | ADDR 4 |
| | A3 | ADDR 3 |
| I A2 ( ADDR 2 |
| I A1 | ADDR 1 |
| | AOD | ADDR O I
[ M2 M1 M0 = Module address from input |=======|======z=z===c==)
| instruction (TANP) I B7 | RUS 7 |
| | B6 | RUS 6 i
| A4 = Controlled by program; set by contents of | BS | RUS S |
| bit 4 in accumulator before input | B4 | BUS 4 t
| instruction is executed ! B3 | BUS 3 |
| ! B2 | RUS 2 |
| A4 = 1 Modules 1,3,5,7,11,13,15,17 (octal) | B1 | BUS 1 |
| ! BO | BUS 0 |
| Ad = 0 Modules 0,2,4,6,10,12,14,16 (octal) |==================:==|
| l1=Logical 1=Bus Low |
| l0=Logical 0=Bus Highl
| IX=Don’t Care {
| Data Bus Bit Interpretation: =======sc==s==s====c==:=c||
|

|

|

|

|

|

|

|

|

|

|

|
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Table 5.1 Module Bus Pin Functions for Qutput Instructions

A - M S v A S W - T = A T D WS PP M A S M P W R W e R T S T e W M e T e A am TR R S SR G W e TR e TS b G e T SR S e S W T W e aw e

I1=Logical 1=Bus Low |
Data Hus Blt Internretation: 10=[,0gqical 0=Bus Highl

1X=Don't Care |

B7 = R0 Contents of. accumulator (A-register)
are gated to the terminal bus.

i | | RBus i
| Module Address: (ADDR 11,10,9,4) = (M2,M1,M0,R1) | Value | Sianal |
] |s====z==|=====z=======|
' Durinag an output instruction, the instruction | 0 } ADDR 15 |
! itself is loaded into the upper and lower bhytes | 0 | ADDR 14 |
| of the address register., The format of the | R? | ADDR 13 |
| output instruction determines which module is I R1 | ADDR 12 |
| addressed. I M2 | ADDR 11 |
{ | ] | ADDR 10 )
| | MO | ADDR 9 |
) | 1 | ADDR 8 |
| { 0 | ADDR 7 |
| 1 1 | ADDR 6 |
| M2 M1 MO = Module address from output | R2 | ADDR S |
{ instruction (0OUT) I Rt | ADDR 4 |
| | ™2 | ADDR 3 |
| I M1 | ADDR 2 |
| R2 R1 = 01} ADDR4 = 1 Modules 1,3,5,7,11,13, I MO | ADDR 1 |
t 11} 19,17 (octal) | 1 t ADDR 0 |
| j====z===z|============|
| | BR7 | BUS 7 |
| R2 Rt = 10} ADDR4 = 0 Modules 0,2,4,6,10,12, | Bé | BUS 6 }
| 14,16 (octal) | BS | RUS 5 |
| | B4 | BUS 4 |
| I B3 ' RUS 3 |
| R2 R1 = 00} Cannot be agenerated from processor I B2 | RUS 2 i
| | Bl | RUS 1 |
| ! BO | RUS 0O |
|

|

|

|

|

|

|

|

|

|

|

|
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31,2

3.1.2,?

FUNCTTONAL DESCRIPTTON, Refer to the block diagram (figqure 1),
schematic diaaram (figure 2), timing diaarams (figures 3 and 4),
component location diagram (fiqure S), and parts list (02640=-60008)
located in the appendix.

The Processor (8008~1) Module consists of the following functional
groups: microprocessor, clock generator, processor state decoder
logic, bus cycle logic, data register, upper and lower byte address
registers, interrupt logic, and restart logic.

MTCROPRNCFESSOR.

The 8008~1 microprocessor is an 8=bit central processing unit which is
implemented on a single LSI integrated circuit, The microprocessor
chin has a2 basic 8-bit architecture internally with an accumulator, six
registers, a program counter, and a subroutine return address stack
(allowing seven levels of subroutines).

The microprocessor (U31) has 48 different instruction types of one,
two, or three bytes per instruction. 1t has only one 8=bit input/out-
put bus which is multiplexed between data and address information by
the state outputs. The chip reaguires two phase clocks and has a bhasic
cvcle time of 2.8 microseconds (two periods of the nhase clocks). The
microprocessor has an addressina range of 16,384 bytes (14 bits).

Processor signals, The microorocessor has eighteen pins includina two
for power, 45 volts (Pin 10) and =9 volts (Pin 1). Eight pins comprise
the bidirectional bus (Pins 2 throuah 9) which is used for data and
address output and data input. Three outnut signals S2 (Pin 11), S1
(Pin 12), and S0 (Pin 13) encode processor state information which is
used to control the other logic elements of the Processor (8B00&-1)
Module. Two inputs (Pins 15 and 16) are used for the two phase clocks.
The micronrocessor provides an output called SYNC (Pin 1B) which is
used with the clocks to define a basic microprocessor cycle (T=cycle).
The remaining signals are inputs READY (Pin 17) and INTERRUPT (Pin 18).
RFADY is used to synchronize the microprocessor with the terminal bus
and INTFRRUPT is used to start the microprocessor durinag s power on or
reset seguence,

Processor bus. The microprocessor bus is multiplexed, under control of
the state outputs, for lower and upper address byte out, instruction
fetch, and data in or out of the processor. The direction of data flow
is determined by control information available when the uprer address
bvte is outonut during microprocessor state T2.
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3.1.2.3

Cpen=collector invertina buffers (U33 and U43) gate information from
the terminal bus when DATA TN STROBFE (U13, Pin 6) is high. 1Inverters
(1132 and 142) buffer the data output from the microprocessor, since the
output drive is limited., The pulle-up resistor network (R?2) and tran=-
sistor (Q1) provide input drive current for the buffers (U33 and U43)
and are disabled durirg outnut operations (decreasing the input cur-
rent).

Processor states, The state outputs S2, S1, and S0 encode eight micro=-
processor states as illustrated below, These states are one T=cCyCle
(or 2.8 microseconds) and indicate to the module processor state de-
coder loglc what the processor is doing. States T1 and 172 are used to
output lower and upper address bytes. State T3 is instruction fetch or
data Iin or out and states T4 and TS are used to execute instructions,
wait 1s a srecial state entered when the READY line is not hiah in time
for the microprocessor to enter the T3 state, Thils allows the Proces-
sor Module to synchronize with the terminal bus and perform sinole step
onerations during proaram development, State T11 {s a special Inter-
rupt state which is entered only when a halt Instruction is executed.
Sstopped is the processor state entered after a halt instruction and is
used to force the module into a power on sequence to prevent the micro=
processor from dying unexmectedly. (Refer to tigure 3 for processor
state timfna Information.)

8008<1 PROCESSOR STATES

s?2 S1 S0 NAME COMMENTS

0 1 0 T1 l.ower eight bits of address
out of processor

0 0 1 T2 Upper six bits of address
and two control bits

0 0 0 wait Tf bus not ready processor
will stavy in this state

1 0 0 T3 Instruction or data in or
out of the procCessor

1 1 1 T4 Instruction execution
1 0 1 TS Instruction execution
0 1 0 T11 Interrupt state, used to

start processor

1 1 n Stopped Fntered after halt instruction
causes power on sequence
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3.1.2.4

3.1.2.5

3.2.1

Instruction set. The microprocessor has 48 different instruction codes
which can be one, two, or three bvtes long. Fach instruction begins
with a memory read to fetch the first byte. Tf the instruction decoded
is one byte only, it is executed in states T4 and TS. 1f more bytes
are needed to complete the instruction, they are read during succeeding
memory cvcles. Instructions can be from 3 to 11 microprocessor states
(each 2.8 microseconds) plus any additional wait states. Several in-
struction codes (restart, input/output, and halt) require special
handling. The halt instruction should not be used because it will
cause a power on seaquence to occur, thus causing the microprocessor

to bheain executing instructions at memory location zero.

Input/outout instructjons. (See tables 5.0 and 5.1) The input and
outout instructions are special cases in that the upper and lower bvte
address registers hold different information than when a memory read or
write is performed, When an output instruction is executed, the upper
bvte address register (U36 and U46) and lower byte address reaister
(U35 and U45) both contain the output instruction when the address
information is agated to the bus. During an input instruction, the
upper address bvte contains the input instruction and the lower bvte
contains the contents of the accumulator just prior to the input in-
struction fetch. Address information for input/output is then decoded
bv the modules on the bus and outout data from the processor’s accumu=
lator register is received by the addressed module or data from an
addressed module Is loaded into the processor‘’s accumulator register.

Restart instruction. The special use of the restart instruction is de-
scribed in section 3.9. The microprocessor executes a subroutine call
when it receives a restart instruction and the bus sianal ATN is low
causing a subroutine call to one of elght predefined locations as en=
coded in the Restart instruction.

CLOCK GENFRATNR,

The clock generator provides the reauired two phase clocks to the
8008-1 microprocessor., The two phase clocks are derived from the ter-
minal bus system clock by dividina the system clock down with a
counter. Additional timing information is aenerated usinag the SYNC
output (U3t, Pin 18B),
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3.2.2.1

3.2.2,2

3.,2.2.3

The basic microprocessor timing cycle is two periods of the phase
clocks (each 1.4 microseconds) for a machine state ot 2.8 microseconds.
Each phase of the clocks will occur durina a T-cycle. Each instruction
is made up of three or more machine states, which determines the time
that a particular instruction will take, The microprocessor clock and
processor state decoder outputs determine the control and timing neces~
sarv for the various module functions.

Counter. The basic clock timinag reriod is produced by a 4-bit counter
(U41) which counts seven periods and then is preset at Pin 1 to redo
the sequence (i, 2, 3, 4, 5, 6, 7, with state 8 causing a preset). Two
AND gates (U51, Pins 11 and 8) decode the counter states and produce
microprocessor clock PHASE 1 and PHASF 2.

SYNC flip-flop. The microrrocessor SYNC output sianal (Pin 14) goes
high at the beginning of a processor T-cycle and aoes low at the mid-
point of the cycle, as shown In the clock generator timing diagram in
figure 4, Flip=-flop U210 at Pin 8 latches SYNC on the PHASE 2 fall
edge, The SYNC flip=-flop outputs generate two additional sianals,
PHASE 11 (U115, Pin 11) and PHASF 12 (U16, Pin 11). These signals pro-
vide timing information to the rest of the Processor (8008-1) Module.

READY. The READY line at Pin 17 is used to synchronize the micropro-
cessor with the terminal bus, Flip=flop U110 at Pin 9 holds this
information. 1If READY is not high by PHASE 12 of state T2, then the
microorocessor will enter the Wait state until READY does go hiah
aagain, thus allowing the microprocessor to enter state T3,

PROCESSNR STATE DECODFR.

The processor state decoder controls the Processor (8008=1) Module by
decodina microprocessor states, The state decoder controls address
and data, in and out of the microorocessor,

The processor state decoder receives three outputs from the micropro-
cessor which have state information encoded. This state information
tells what the 8=bit bus is being used for (data in or out, or address
upper or lower out) or if the microprocessor is in a special state such
as Wait or Stopped. The outputs of the processor state decoder logic
control other module functions.
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3.3.2.1 State decoder. The microorocessor has three encoded state outputs
(u31, Pins 13, 12, and 11) wnich are decoded by a one~of-eiaht decoder
(U22). The three inputs encode the eight microorocessor states, which
decode as elght outputs (U22, Pins 7, and 9 throuah 15). The outputs
of the decoder indicate when the microprocessor is in a particular
state (low output). The only states not used in controllina Processor
(R008) Module functions are states T4 and TS which are instruction
execution cycles.

3.3.2.2 Address register clocks. The processor state decoder logic uses the

ouvtputs of the decoder and the PHASE 12 clock to strobe data into the
vpper (U146 and U36) and lower (145 and U35) bvte address registers.
The registers have clock and data enable inputs (Pins 7 and 9) which
control the address inputs., The upper byte address reaisters have
WRITE (Pin 14), I/0 (Pin 13), and address inputs clocked in durina
state T2 and on the rising edge of PHASE t12. The lower bvyte address
register has address inputs clocked in (LOWER CLOCK) at U13, Pin 11
durina state T1 of all except output instructions and during state T2
of output instructions. The four registers all have PHASF 12 at Pin
7 as the input clock which is pbuffered by a gate at U13, Pin 8, The
upper byte address reaister receives two control bits which represent

WRITE and 1/0 on the bus. T1/0 is derived by decoding BRTT7 and BIT6 of
the upper address bvte out of the processor during state T2, WRITE 1is
derived by decoding an input instruction or a write command from the
two control bits of processor state T2,

3.3.2.3 Data reaister clocking., The processor state decoder loaic also con=
trols the data reaister (U34 and !f144). Data from the microprocessor is
clocked into the data register on the rising edge of PHASE 12 Clock
(U34 and U44, Pin 7) during state T3 of all (except I/0 instructions)
and durinag state T1 of an output instruction, Data is gated onto the
bus durina write cycles when DATA OUT (U1S, Pin 6) is low. Another
signal, DATA TN STROBF (U133, Pin 6) 1s provided by the processor state
decoder logic to enable data from the terminal bus during read or input
instructions. DATA IN STROBE controls the direction of data on the
8=bit processor bus and enables the current switch (Q1) so that resis=
tor R?2 can act as a pull=up to buffers U43 and 44,

3.4 BUS CYCLE LOGIC.
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3.4.1

3.4.2.1

The bus cycle logic controls the microprocessor’s access to the termi-
nal bus, controls gating of data and address onto the bus, and controls
REQ and PROC ACTIVE signals for the module, The RUN signal from the
bus determines if the bus cvcle will be allowed to beagin, which enables
halting the processor temporarily or single steppinag during development
of programs,

A bus access 1s begun durina processor state T2 and ended during state
T3 for (reads or inputs) and (during write or output). 1If the terminal
bus is not obtained and ready before state T3, the processor will enter
a Wait state by following its RFADY input (U331, Pin 7).

Bus cvcle states. The three J-K flip~flops labled "C" (U410, Pin 6),
"n* (17410, Pin 8), and "E" (U310, Pin 6) implement a 6-state counter
which times the terminal bus access. The six bus cvcle states are
summarized below, The Tdle state is in effect when no bus cycle is
needed, Bus Rid is the state which begins a bus cycle, Rus 0Obtained
is the state where the Processor (8008~1) Module gains control of the
bus, makes BUSY low, and aates data and address to the terminal bus.
The Reguest state actually performs the data transfer on the bus and
Access Complete is the state which hegins the last three states, The
Release State is followed by Tdle and the Frocessor (%008=1) Module has
then completed the terminal bus cvycle,

BUS CYCLE LOGIC

FF C FF D FF E NAME COMMENTS

n 0 0 Tdle Processor does not require
terrinal bus

1 n 0 Bus Bid Reain terminal bus access
(during 72 and RUN is high)

1 1 0 Bus Obtained Processor (800R=1) Module has
control of terminal bus

1 1 1 Request REQO made true (data & address
gate out durinag Bus Obtained)

0 1 1 Access Complete Reain process of releasing
bus, REQ off

0 0 1 Release Processor (8008=1) Module

aives up bus and qoes to Tdle
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3.4.2.2

3.4.2.3

3.4.2.4

Bus cycle start. A bus cvcle is begun when the T2 state is entered (or
wait if bus is not ready) and the RUN line is high. This sets flip-
flon "C" which makes the state counter go from Tdle to Rus Bid. The
FRIOR OUT signal is disabled at U47, Pin 6 and then waits until the
PRINk IN sianal is hiah and the bus is not available, Flip=flon "D" is
set at 148, pin 12 puttina the module in the Rus Nbtained state, and

making the bus busy by making BUS; at uU3g, rPin 3 low.

When the module is in the Bus Obtained state it gates address and data
to the bus and makes PRﬂE-ACTIVE true. 7The bus cycle logic stays in
the Bus Obtained state until REQUEST START at U118, Pin 6 goces high,
This will set flip=flop "F" and put the state counter in the PRequest
state. The module then makes REQ (U3R, Pin 6) low which will begin the
bus oneration. The state counter will stay in the Request state until
flin=flop "C" is reset by the REQUEST STOP siagnal at Ui8, Pin 3.

Bus cvcle end. The bus cvcle state counter enters the Access Complete
state when flip=-flop "C" is reset by REQUFST STOP and flip-flop "E"
being set (Reaquest state), REQUEST STOP is high when a write is in
proaress at PHASE 11 and when a read is in rrogress at PHASE 12 of pro=-
cessor state T3 (Refer again to figure 3 for processor state timing
information). After flip=-flopn "C" is reset, the bus cycle loaic aoes

to the Release state (RFQ is brought hiagh) and then to the Idle state
with flip-flops "D" and "E" being reset on the next two clocks. The
state counter is in the 1dle state and the bus has been released,

DATA REGISTER,

The data register holds data from the microprocessor during writes to
memorv or during output instructions. The data comes out of the micro-
processor on the 8=bit microprocessor bus and is clocked into the data
register. The data register is a 3~state latch and is gated onto the
terminal data bus by the processor state decoder loaic during a write
or output.

The data registers (U34 and U44) hold the 8=bit output from the micro-
processor bus which is buffered by inverters (U32 and U42). Data is
clocked into the registers on the rising edage of PHASE 12 during pro-
cessor state T3 of all writes (exceot I/0) and during state T1 for
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output instructions. The data reaisters are normally in the off con-
dition and the data registers are not enabled. During data write or
output, however, the data reglisters are enabled and drive the bus. The
DATA 0yT, signal at U15, Pin 6 enables data out when U1S, Pin 3 and
U18, Pin 8 are trnue,

UPPFR BYTE ADDRESS REGISTER,

Two 3=-state latches (U46 and 1136) make up the upper byte address reg-
ister and receive address inputs from the microprocessor bus during
processor state T2.

For a memorv read or write, the reqgister will hold the most siagnificant
six bits (ADDR13 thru ADDP8) and two hits of control (wRITE and 1/03).
The two control bits are enctoded from the processor bus BRIT7 apnd RIT6
and are loaded into the upoer bvte address reaister (U146) at Pins 13
and 14, puring an 1/0 instruction, the instruction itself, is loaded
into the upper byte address reglister and is used to address I/0 mod-
ules. The clock and enable signals for the registers are provided by
the processor state decoder logic. Address information from the reais-

ters is gated to the terminal bus when PRNOC ACTIVF is high.
LOWFR RYTE ADNDRESS REGISTER,

Two 3=state latches (U45 and 1135) make up the lower byte address reqg-
ister and receive address inputs from the microprocessor bus during
processor state T1 (tor memory access or an input instruction) and
durinag state T2 (for an output instruction),

The lower byte address reaister will contain the least sianificant
eight blts of a memoryv address for a read or write, DNDurinag an innut
instruction, the reaisters will hold the contents of the microprocessor
accumulator (A-register) nrior to fetchina the input instruction, Dur-
ing an output instruction, the register will hold the output instruc-
tion itself, which iIs sent out from the microprocessor durina state T?
of the instruction execution, The reaisters receive clock and enable
sianals (145 and 135, pins 7 and 9) from the processor state decoder
logic. Address information in the reaisters is gated to the terminal

bus when PRAOC ACTIVFE {s true,
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3.8.2.1

INTERRUPT LNGTC,

The interrunt logic ensures that the microprocessor initializes
correctly during power on or reset, This logic also detects the micro-
processor Stopped state and performs a reset function to ensure that
the micropnrocessor does not remain halted. The start-up function is
performed bv forcina a specilal 1l=-byte instruction into the micropro-
cessor which causes the processor to heain executina instructions at
location zero. This special instruction is called a restart.

The interrunt logic consists of two J=-K flip-flops, flipo-flop "A"
(U210, Pin 6) and flio=flop "R"™ (1310, Pin 8) which implement a
counter. The following is a summarv Of the states and their meaninas.

FF A FF B State Name Comments

- — e —— — - — . - — - — - —— s  — — —  — W D v A e = O -
= PG — i Pt et~ fean)

0 Begin Interrupt Either power on, reset or halt
1 0 Interrupt Cause processor to enter Ti1l
1 1 Restart Fetch Gate Restart to microprocessor

0 1 Interrupts 0Qff Sequence complete = go to Beain
TInterrupt 1€ halted or reset

The interrupt logic state counter starts when PWkK ON at U210, Pin 4 and
U310, Pin 10 resets the two flip=flops which puts the state counter in
the Bealn Interrunt state, The state counter will go to the Interrupt
state on the next PHASE 12 clock and make the microprocessor INTERRUPT
sianal (U39, Pin 8) true. When the microprocessor enters the T1I
state, the interrupt loaic agoes to the Restart Fetch state at U39, Pin
11 and causes the input buffers (U33 and U34) to force a restart in-
struction into the microprocessor. Two bus drivers (U38, Pips 8 and

11) are enabled by RESTART and PROC ACTIVE and cause BRUS2 and BUSO to
be changed to "1°s" durina the fetch, Dnuring the fetch of the restart
instruction ﬁEa is not enabled, so the RESTART 0 vattern is present on
the terminal bus. 0On the next processor T1 state, the counter will
advance to the Interrupts 0ff state,
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3.8.2.2

3.8.2.3

Both power on and reset cause the interrupt logic to start an interruot
sequence., This is done by making PWR ON low, The state counter will
advance throuah the states described in section 3.8.2 until the micro-
processor has executed a restart instruction and has beaun execution of
terminal programs at location zero of the memorvy range.

When the microprocessor eXecutes a halt jnstruction, it will enter the
Stopped state. This is decoded by the nrocessor state decoder loagic

atr 022, Pin 9. The interrupt logic state counter will be in the Inter=-
rupts 0ff state and will go to the Begin Tnterrupt state when flip=flop
"R* is reset at U310, Pin 11. The state counter advances through the
seaquence described in section 3.8.2.1 and the microprocessor goes out
of the Stopped state and begins executinag instructions at location
zero.

RESTART LOGIC.

The restart logic block implements a special hardware/software inter=
rupt feature for the microprocessor. During program execution restart
instructions will be placed in the program when a data comm interrupt
is allowed. The Restart will be chanaed to an alternate B008=~1 in-
struction code if no data comm interrupt exists, otherwlse a normal
restart instruction will be performed.

The restart instruction is a 1=-byte subroutine call and is conditional~-

ly executed based on the terminal bus ATN signal. If the ATN 1line is
high, all restart instructions encountered will pbe modified to an al-
ternate B800R=1 instruction code (see summary below). If ATN is low,

the restart instruction will not be modified and a subroutine will be
executed to service the interrumt condition. This allows the program
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to control when 1t can be Interrupted so that the modified instruction
codes do not make unexpected changes to the microprocessor registers.

RESTART TNSTRUCTIONS

INSTRUCTION ATN = HIGH ATN = LOW SUBROUTINE START
ADDRESS

RST O I.AH RST O 0

RST 1 LBH RST 1 8 (10 OCTAL)
RST 2 LCH RST 2 16 (20 OCTAL)
RST 3 LDH RST 3 24 (30 OCTAL)
RST 4 LEH RST 4 32 (40 OCTAL)
RST S THH RST 5 40 (50 OCTAL)
RST 6 LLH RST 6 48 (60 OCTAL)
RST 7 T.MH RST 7 56 (70 OCTAL)

The restart logic makes a check during processor state T2 of an in-

struction fetch at U17, Pin 6 and 12 to see if ATN 1s low. If ATN is
low or if it is not an instruction fetch, the Restart Disable flip-flop
is reset at U559, Pin S, which disables the restart instruction decoding

and allows data to prass unmodified. Tf ATN is high (no interrupt), the
restart instruction decodina at U11, Pin 8 will modifv all restart in-
structions according to the restart instruction summary above. This
modifving is done by disablinag the buffers (U43, Pin 6 and 3) which
change BIT7 and BIT6é of the instruction from "0" to "t",
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